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Abstract. 4U 1812-12 is a faint persistent and weakly variable neutron star X-ray binary. It was observed by 
BeppoSAX between April 20th and 21st, 2000 in a hard spectral state with a bolometric luminosity of ~ 2 x 
10'^^ ergs s~^. Its broad band energy spectrum is characterized by the presence of a hard X-ray tail extending above 
~ 100 keV. It can be represented as the sum of a dominant hard Comptonized component (electron temperature 
of ~ 36 keV and optical depth ~ 3) and a weak soft component. The latter component which can be fitted with 
a blackbody of ~ 0.6 keV and equivalent radius of ~ 2 km is likely to originate from the neutron star surface. 
We also report on the first measurement of the power density spectrum of the source rapid X-ray variability, as 
recorded during a simultaneous snapshot observation performed by the Rossi X-ray Timing Explorer. As expected 
for a neutron star system in such hard spectral state, its power density spectrum is characterized by the presence 
of a ~ 0.7 Hz low frequency quasi-periodic oscillation together with three broad noise components, one of which 
extends above ~ 200 Hz. 
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1. Introduction 

4U 1812-12 (also known a s Ser X -2) was discovered with 
Uhuru by iForman et alJ l)l976|) . while the first X-ray 
■ burs ts from this sourc e were detected with Hakucho by 
' iMurakami et al.l l)l983j) . This established a neutron star 
, as the compact object in 4U 1812-12, and the system to 
' be a likely low-mass X-ray binary (LMXB). 

During the monitoring of the Galactic Center region 
with the Wide Field Cameras of BeppoSAX, several X- 
ray bursts were detected from 4U 1812-12. In most of 
these bursts, clear photospheric radius expansion due to 
Eddington-limited burst luminosity was de tected allow- 
ing to estimate the source distance to 4 kpc ijCocchi et al.l 
l200nf) . 

Very little is known about the continuum source spec- 
trum. EXOSAT detected the sou r ce as p a rt of its Galactic 
Plane Survey l)Warwick et alJ Il988() . iGottwald et~al] 
l|l995|) using the EXOSAT GSPC instrument reported a 
featureless power law spectrum in X-rays (below 20 keV) . 
Although these observations suggested that 4U 1812-12 
could possibly emit hard X-rays, the source has never been 
detected above 20 keV. 



Here we report on the first detection of 4U 1812-12 in 
the hard X-ray range with the BeppoSAX X-ray satellite, 
and the first measurement of its rapid X-ray variability 
with the Rossi X-ray timing explorer (RXTE). 



Send offprint requests to: Didier Barret (Didier.Barret@cesr.fr) 



2. Observations and results 

RXTE/ All-Sky Monitor (ASM) data indicate that 
4U 1812-12 is a faint, persistent and weakly variable X- 
ray source at the level of ^ 20 mCrab in the 2-12 keV 
range. This is illustrated in Fig. ^ which represents the 
RXTE/ ASM light curve over more than 6 years. We ob- 
served 4U 1812-12 between April 20th and 21st, 2000 with 
both BeppoSAX and RXTE. The time of these observa- 
tions is indicated with an arrow on Figure ^ The ASM 
data recorded during the BeppoSAX observation indi- 
cated that the source was slightly brighter than its average 
level (1.7 counts s~^ against 1.4 counts s~^, see Fig.^. In 
the next section, we present the spectral results obtained 
from BeppoSAX and present the timing results from the 
simultaneous RXTE observation. 
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Fig. 1. The RXTE/ASM 2-12 keV light curve of 4U 1812- 
12 (each data point is a time average over 5 days). The 
time of the RXTE /BeppoSAX pointed observations is in- 
dicated with an arrow. The mean source count rate is 
equivalent to about 20 mCrab in X-rays. The raw ASM 
data dowloaded from HEASARC have been filtered using 
the FTOOLs /select to satisfy the criteria that the reduced 
of the fit to recover the source int ensity is less th an 1.5. 
For information about the ASM, see lLevine et al.l ifToOG,) . 



2.1. BeppoSAX 

Results from the Low -Energy Concentrato r Spectrometer 
(LEGS; 0.1-10 keV. IParmar et al.lll99'A . the Medium- 
Energy Concentra tor Spectrometer (MECS; 1.8-10 keV, 
iBoella et al]ll997|) and the Phoswich Detect ion System 
(PDS; 15-300 keV, iFrontera et aD Il997l) on-board 
BeppoSAX are presented. All these instruments are 
coaligned and collectively referred to as the Narrow Field 
Instruments, or NFL Unfortunately, no High Pressure 
Gas Scintillation Proportional Counter data was obtained, 
since the instrument was switched off during the observa- 
tion. 

The region of the sky containing 4U 1812-12 was ob- 
served by BeppoSAX between 2000 April 20 (18:51 UT) to 
April 21 (13:23 UT). Good data were selected from inter- 
vals when the instrument configuration was nominal, us- 
ing the SAXDAS 2.0.0 data analysis package. LEGS and 
MEGS light curves, images and spectra were extracted 
using radii of 8' and 4', respectively. Background sub- 
traction for the imaging instruments was performed using 
standard files, but is not critical for such a bright source. 
Background subtraction for the PDS used data obtained 
during intervals when the collimators were offset from the 
source. The LEGS and MEGS spectra were rebinned to 
oversample the full width half maximum of the energy 
resolution by a factor of 3 and to have at least 20 counts 
per bin to allow use of the statistic. A LEGS response 
matrix appropriate for the position and count rates of the 
source was generated. The PDS spectrum was rebinned 



using the standard techniques in SAXDAS. The LEGS, 
MECS, and PDS exposure times are 15.5 ks, 32.7 ks, 14.4 
kiloseconds. 

A visual inspection of the light curves indicated that 
no X-ray bursts were detected during the observation. The 
image analysis revealed that 4U 1812-12 was detected at 
a position of R.A.=18h 15' 06.4" and Dec=-12° 05' 27.1" 
(J2000 coordinates). This position is fully consistent with 
the mo re accurate one de rived from the ROSAT all sky 
survey llVoges et al.lll999l) . during which 4U 1812-12 was 
detected as a bright point source at a position R.A.=18h 
15' 06.1" and Dec= -12° 05' 45.0" (ROSAT total position- 
ing error of 10"). 

For the spectral analysis, we selected data in the en- 
ergy ranges 0.5-10.0 keV (LEGS), 1.8-10 keV (MEGS), 
and 15-200 keV (PDS) where the instrument responses 
are well determined and sufficient counts obtained. Due 
to the high Nh we have not used data below 0.5 keV. A 
systematic uncertainty of 1% has been added to the data. 
Factors were included in the spectral fitting to take into 
account the small differences in the absolute flux deter- 
mination of the various NFI instruments. These factors 
were constrained to be within their usual ranges during 
the fitting^. The spectral fitting an d error compu tations 
were carried out using XSPEG 11.2 l)Arnaudlll99^ . 

The overall spectrum of 4U 1812-12 was investigated 
by simultaneously fitting data from all the BeppoSAX 
NFI. In X-rays, the spectrum of 4U 1812-12 is strongly 
absorbed. This was accounted for by using a photoelec- 
tric absorption model based on the cross sections of 
iMorrison fc McCammonI l| 19831) . 4U 1812-12 was clearly 
detected in the PDS up to ~ 100 keV. The hard X-ray tail 
was fitted with a Gomptonization model. In the present 
paper, we used the Comptt model, whose description is 
given in Titarchuk (1994). Comptt is an analytical model 
which describes the Gomptonization of soft photons in a 
hot plasma. The soft photon input spectrum is assumed 
to follow a Wien law. The soft photons experience inverse 
Compton scattering in an electron cloud whose tempera- 
ture can range from a few keV up to 500 keV. This model 
includes relativistic effects and works for both the opti- 
cally thin and thick regimes. Comptt has four parame- 
ters; the seed photon temperature for the assumed Wien 
spectrum (kT^), the electron temperature (kTo), the op- 
tical depth (r) and a parameter describing the geometry 
of the comptonizing cloud, either spherical or disk-like. 
In the following, a spherical geometry is assumed; how- 
ever a disk-like geometry works equally well. The Comptt 
model works for spectra of intermediate electron temper- 
ature and optical depth, as is the case for 4U 1812-12. 

Fitting the combined spectrum with an absorbed 
Comptt model reveals the presence of a soft excess below 5 
keV. This soft excess can be fitted by either a blackbody 
or a multi-color disk blackbody. Similar two component 



^ For information about the cross- 

calibration of the BeppoSAX instruments, see 
www.asdc.asi.it/bepposax/software/cookbook/cross_cal.html. 
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models have been shown to describe the s pectra of low lu- 
minosity LMXBs in their hard states (seelGuainazzi et al. 
1998; 'i n 't Zand eTsT. 1999; Barret et al.ll200d: iNatalucci 
200 It iBarret fc Oliv&.2002,) . The best fit spectral param- 
eters and errors for the two models are listed in Tabled 
As can be seen, the two models are statistically equiva- 
lent. The unfolded spectrum of 4U 1812-12 together with 
its best fit is shown on Figl^J in which the soft component 
is fitted with a blackbody. During the BeppoSAX obser- 
vation, the absorption corrected 1-200 keV luminosity was 
2 X 10^^ ergs s"^ at 4 kpc. 

As can be seen in Table Q] the electron temperature 
derived from Comptt has relatively large error bars. It is 
thus worth asking whether the high energy cutoff is statis- 
tically significant in the PDS spectrum. To test its signif- 
icance, we have fitted the PDS data alone with both the 
Comptt model and a power law. For the Comptt model 
we have frozen the seed photon temperature to the value 
determined from the previous fit, because it cannot be de- 
termined from the PDS data alone. The power law fit is 
much worse with a of 54.8 (45 d.o.f) as whereas it is 
only 43.7 (44 d.o.f) for the Comptt model. This is because 
the power law cannot account for the high energy cutoff. 
Very similar numbers are obtained if instead of the Comptt 
model, we used its approximation with a cutoff power law 
model. From an F-test, we conclude that the high energy 
cutoff is significant at more than a 99.8% confidence level. 

We have carefully searched for emission lines around 6 
keV, as such lines have b een reported from similar systems 
fe.g. lBarret et al]l200fll) . No emission lines were detected. 
A 2(7 upper limit of ~ 50 eV was derived for the equivalent 
width of a 6.4 keV iron line of 0.2 keV width. 

2.2. RXTE 

4U 1812-12 was simultaneously observed with RXTE on 
April 20, 2000 between 18:56 and 22:49. The PGA in- 
strument aboard RXTE consists of a set of five identical 
Xenon proportional counter units (PCUs) covering the 2- 
60 keV range with a total area of about 6500 cm^. The 
HEXTE instrument is made of two clusters (0 and 1) of 
four NalQ^l) phoswich scintillation detectors (see 
fBradt et al.lll99d for a full description of RXTE). 

We have analyzed the RXTE data using the latest ver- 
sion of HEASOFT (5.2) and the automated rex 0.3 script. 
During the observation, only PCU and 2 were working 
nominally. Good time intervals were computed request- 
ing these two PCUs to be ON, and using standard fil- 
tering criteria: earth elevation angle greater than 10 de- 
grees, pointing offset less than 0.02 degrees, time since 
the peak of the last SAA passage greater than 30 min- 
utes, and electron contamination less than 0.1. This cor- 
responds to a net PCA exposure time of 6.8 kscconds. The 
PC A and HEXTE background subtracted light curves and 
spectra were then extracted. The source was detected with 
a steady count rate of ^ 35 counts s~^ in PCUO between 
2.5 and 30 keV, and at a rate of ~ 7 counts s~^ in HEXTE 




1 10 100 

Energy (keV) 



Fig. 2. The unfolded BeppoSAX spectrum of 4U 1812-12. 
This is the first report of a hard X-ray tail extending above 
100 keV from the source. The soft component in dashed 
line is fitted with a single temperature blackbody. It con- 
tributes to ~ 5% to the bolometric source luminosity. The 
high energy cutoff around 100 keV is statistically signifi- 
cant despite the relatively large error bars of the data. 



between 20 and 100 keV (cluster 0). No X-ray bursts were 
detected. We have checked that the combined PCA and 
HEXTE spectra could be fitted with the same models as 
the ones derived from the BeppoSAX data. However the 
spectral parameters are obviously much less constrained 
with the RXTE data, which lack statistics in the HEXTE 
range and spectral resolution in the PCA band pass. 

The scope of the RXTE observation was rather to mea- 
sure the rapid X-ray variability of the source during the 
BeppoSAX observation. Within the good time interval 
found above, we have analyzed the high time resolution 
data, recorded in the mode E_125us_64M_0_ls, meaning 
that events arc time-stamped with a 125-microsecond res- 
olution in 64 PHA channel bands starting at channel 0, 
one buffer being readout every 1 second. A power den- 
sity spectrum was computed in the 0.015-2048 Hz range 
between 3 and 30 keV. The Poisson counting noise level 
was estimated above 1000 Hz and subtracted from the 
PDS. The PDS was rebinned using a logarithmic scheme, 
and expressed in terms of fractional RMS amplitude. It is 
shown in Fig|31 

The PDS shown in figure 13 is very similar to those 
observed from low state LMXBs. It has been shown that 
these PDS can be well rep resented as a superposition of up 
to 4 Lorentzians (see e .g. 'Olive et al.lll998l iBelloni et alJ 
l2002t l van Straaten et al. 2002) . These Lorentzians are ei- 
ther zero-centered to account for band limited noise (shot 
noise), or peak ed to account for qua si-periodic oscillations. 
As stressed bv lBelloni et all l)2002l) . the multi-Lorentzian 
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Table 1. Best fit spectral results for 4U 1812-12 for two models: BB+C is the sum of a blackbody and Comptt, 
and C+DBB is the sum of a disk blackbody and Comptt. The fitted interstellar column density Nh given in units of 
10^^ cm^^. Rbb is the equivalent blackbody radius at the distance of 4.0 kpc. kTi^ and i?inVcos0 are the parameters 
describing the disk blackbody model: the temperature at the inner disk and the projected inner disk radius computed 
at the assumed source distance of 4 kpc {6 is the unknown source inclination angle). See text for the description of 
the Comptt parameters The errors are quoted at the 90% confidence level. Fsoft and Fc are the 1-200 keV bolometric 
flux of the soft and Comptt components respectively. Fxot is the total bolometric flux. All fluxes are given in units of 
10~^ ergs s~^ cm~^. Finally, the and the number of degrees of freedom (d.o.f) are also listed. 

Mod Nh kTBB or kTi„ Rbb or Kin kTw kTe r Fs^ft Fc Ftoi (d.o.f) 

BB+C l-^toi 0.64:t°o°ot 2.0t°-J 0.34i;^°^ 35.9t!,;'J" 2.9j:^j 0.04 1.05 1.09 139.1 (130) 

DBB+C 1.6^0.2 0.90lo:i l-OtoJ 0.35lo:o? Se.Olg^o" 3.0l?:g 0.06 1.01 1.07 134.4 (130) 




Frequency (Hz) 



Table 2. Best fit spectral results for the power density 
spectrum of 4U 1812- 12. The name of the Lorentzians fol- 
low the convention of iBelloni et alJ l)2002|) . 



Lorentzian Frequency Q value RMS (%) 





0.15^":? 


Q=0 (fixed) 


9 8+°-^ 
y.i5_Q 2 


vlf 


0.73«:«^ 


q+''-2 

u.y_Q 2 


o q+0-3 


n 


r O+0.7 
0.0_Q 7 


Q=0 (fixed) 






177.0t^ir 


Q=0 (fixed) 


13.lti;«6 



ing to the definition given in iBelloni et all l|2002l) . Note 
that the source displays strong rapid X-ray variability as 
the total RMS is about 35%, another common feature of 
low state LMXBs. 



Fig. 3. The Fourier Power Density Spectrum of 4U 1812- 
12 computed between 3 and 30 keV from the RXTE/PCA 
data. It displays four distinct noise components; one of 
which extends above 200 Hz. All components were fit- 
ted with Lorentzians. The characteristic frequency of the 
first Lorentzian modeling the break and the frequency 
of the second one accounting for a low frequency quasi- 
periodic oscillation fit within the g lobal correlation found 
bv lWiinands fc van der Klid l|l999|) . 

approach gives a simple and universal phenomenologi- 
cal description of the PDS of a wide variety of sources, 
including accreting black holes and neutron stars. Each 
Lorentzian is then described by its characteristic fre- 
quency, width (defined by the quality factor Q^—vjl^v) 
and amplitude, usually expressed as a fractional RMS. 

The PDS of 4U 1812-12 can be represent ed by the sum 
of fou r Lorentzian s, analytically defined in IBelloni et al. 
1I2OO2I) (see also Ivan Straaten et aP I2OO2I: lOlive et alJ 
l2002jl . Three of them are zero-centered (Q=0), associated 
with aperiodic noise components, and one has a Q value of 
1 to account for the presence of a short-lived oscillation at 
a frequency z^lf=0.7 Hz. The best fit parameters are given 
in TableEl where each of the Lorentzians is named accord- 



3. Discussion 

We have presented here the first broad band energy 
spectrum of 4U 1812-12, and its first detection at 100 
keV. Thus 4U 1812-12 joins the list of the - 20 X-ray 
bursters presently detected at ~ 100 keV (see the list in 
iDi Salvo fc Stella-2002,) . We have also reported on the first 
measurement of the power density spectrum of its rapid 
X-ray variability. 

4U 1812-12 clearly belongs to the class of low lumi- 
nosity LMXBs displaying persistent and weakly variable 
emission (ot her examples are S LXl 735-269 and GS1826- 
234, see e.g. lBarret et al.ll2000l) . This is clearly illustrated 
by its long term ASM light curve (Fig. QJ. At the time 
of the BcppoSAX and RXTE observations, the bolomet- 
ric luminosity of 4U 1812-12 was about ~ 2 x lO'^^ergs 
s~^ (1-200 keV), assumi r ig the source distance of 4 kpc 
derived bv ICocchi et al ] (|2000?). This is very close to its 
mean luminosity. About half of this luminosity is radiated 
in X-rays between 1 and 20 keV. Its 1-20 and 20-200 keV 
luminosities fall at the bottom left of the so-c alled X-ray 
burster box ijBarret et al. 2000: Pi Salvo fc Stella^^OO^ . 

The energy spectrum recorded by BeppoSAX resem- 
bles those observe d from the se systems in their low state 
(see ■Barret..2001; iDi Salvo fc Stella. 20oi for a review). 
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It consists of the sum of a dominant hard comptonized 
component and a comparatively weaker soft component. 
The hard component is commonly thought to arise from a 
hot inner flow developing between the n eutron star surfac e 
and a truncated accretion disk (see e.g. lOlive et aljEool . 
The present data do not allow to tell whether the soft com- 
ponent is a single temperature blackbody or a multicolor 
disk blackbody, leaving two possible interpretations on its 
origin; either the neutron star surface or the truncated ac- 
cretion disk. However, as it has been previously found in 
many other sources, the inner disk radius derived from a 
multicolor blackbody fit is very small, much smaller than 
any p lausible neutron star radius (e.g. iGierlihski fc Don3 
I2OO2I) . This has been interpreted as evidence against the 
disk origin for the soft component. So it more likely arises 
from the neutron star, where only a fraction of its sur- 
face can be seen through the comptonizing cloud. This 
is consistent with the small e quivalent blackbody radius 
measured (e.g. ICierlinski fc^one^.20f)2|) . 



The X-ray variability of 4U 1812-12 measured by 
RXTE is also typical of low luminosity LMXBs. It shows 
several broad noise components, one of which extends 
above 200 Hz. The later feature is common to low state 
LMXBs and has been proposed as a way to distinguish 
black holes from neutron stars ijSiinvaev fc Revnivtsevl 
It has been shown that the frequency of the first 
Lorentzian {vh in Table 2) accounting for the flat top of the 
power spectrum and the frequency of the peaked feature 
immediately after the break {i'lf in Table 2) are nicely 
correlated among a wide s ample of sources, includ ing black 
holes and neutron stars l|Wiinands fc van der Klis, .1999i: 
iBelloni et a'l]l2002() . 4U 1812-12 is no exception and falls 
also on the correlation, close to the data points of the 
low luminosity X-ra y bursters 1E1724-3 045 and GS1826- 
24 (see Figure 11 in lBelloni et al.ll2002l) . Thus, our data 
points strengthen this correlation which strongly suggests 
that the flat top noise and the low-frequency QPO are 
caused by the same unknown physical mech anism in all 
these sources IjWiinands fc van der KlijITflfli. 



Finally, another correlation has been reported between 
vlp and vi; vi is then interpreted as the frequency of a 
lower kHz QPO jPsaltis et al.lll999t iBelloni et al.l l2002^. 
This correlation, which extends over ~ 3 decades of fre- 
quency was a firm prediction of th e relativistic preces- 
sion model (see e.g.' Stella et al .''l999V In 4U 1812-12 vi is 
low compared to the values observed from similar systems 
(generally vi > lOHz in most sources). It is thus signifi- 
cantly lower than the value expected from the above cor- 
relation. Obviously, one cannot draw definite conclusions 
based on one single object, but it would be worth investi- 
gating other low luminosity systems to check whether the 
above correlation really breaks down at frequencies below 
~ 10 Hz, as suggested by the present data. This would 
have important implications of the physical interpretation 
of these signals as relativistic timing features. 



4. Conclusions 

The BeppoSAX and RXTE observations presented here 
have shown that 4U 1812-12 has spectral and timing prop- 
erties typical of low luminosity neutron star low mass X- 
ray binaries; displaying both a hard X-ray tail and in- 
tense rapid X-ray variability. 4U 1812-12 enlarges the list 
of twenty X-ray bursters presently detected at 100 keV. Its 
broad band energy spectrum can be fitted by the sum of 
a dominant hard Comptonized component (electron tem- 
perature of ^ 36 keV and optical depth 3) and a weak 
soft component. The latter component which can be fitted 
with a blackbody of ^ 0.6 keV and equivalent radius of 
~ 2 km is likely to originate from the neutron star sur- 
face. As expected for a low luminosity system, the power 
density spectrum measured by RXTE is characterized by 
the presence of a ^ 0.7 Hz low frequency quasi-periodic 
oscillation together with three broad noise components, 
one of which extends above ~ 200 Hz. 

The location of the source in the galactic plane, its 
persistent intensity and hard spectrum mean that it will 
be repeteadly detected by the IBIS hard X-ray imaging 
instrument aboard INTEGRAL during its weekly scans 
i Lebrun et all200l|) . This will provide insights on the long 
term spectral evolution and timing properties of its hard 
X-ray tail. 
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